We conducted a retrospective study to determine the success rate of initial fittings in digital hearing aid (DHA) users. We also addressed the implications of national health systems' continuing to provide access to these devices. We identified 1,597 consecutively presenting adults who had undergone a first fitting or a new fitting (i.e., an upgrade from an analogue hearing aid in the first or second ear) of a behind-the-ear DHA during the previous year. We further sought to identify all nominal reprogram appointments that had taken place within 6 months after the first or new fitting; we found 460 such appointments (28.8%). Of these, 419 appointments had been for typical reasons other than patient dissatisfaction with the fitting itself-for example, poor hearing, a further hearing loss, an uncomfortably loud hearing aid level, difficulty with speech in noise, an imbalance between bilateral hearing aids, and a faulty or lost hearing aid. Only 41 of the 1,597 first or new fittings (2.6%) were considered unsatisfactory by patients and necessitated a follow-up reprogramming appointment. Overall, DHA fittings were generally successful, as most patients (1,137/1,597 [71.2%]) did not require any follow-up appointment during the study period. Principles of cost-effectiveness demand the maximum practicable efficiency in the utilization of resources to ensure the continuous delivery of high-quality audiologic services through national health systems. This can be achieved by scheduling group appointments to reduce costs and to increase the time allocated to fitting and training patients.
Introduction
Sensorineural hearing loss (SNHL) is an insidious and potentially devastating chronic condition that can have a serious impact on both physical and social function. 1 Hence, the importance of its treatment is well acknowledged, and the restoration of normal hearing has been intensively pursued.
Gene manipulation and stem cell therapy are exciting new options in the treatment of SHNL because they can favorably modify the biology of hearing, but they cannot yet be applied in clinical practice. 2, 3 Therefore, providing hearing amplification devices and associated rehabilitation services remains the only effective means of treating SNHL. [4] [5] [6] Hearing aids have been shown to significantly improve the quality of life of hearing-impaired patients by reducing the psychological, social, and emotional effects of SNHL. [7] [8] [9] The incorporation of digital technology into hearing aids has promised additional benefits, including improved speech perception (especially in adverse listening environments), 10 as well as a more natural and comfortable listening experience. 11 The latter expectation, however, needs to be kept realistic, as additional research and technology development are still needed. 12, 13 So far, the available data have provided only mild support for these latter expectations.
It has been consistently reported that only about 30 to 40% of people with hearing difficulties in Western Europe own a hearing aid; in the United States, the percentage is even lower. [14] [15] [16] [17] Furthermore, 5 to 7% of people with hearing loss in Western Europe have tried hearing aids but have rejected them sooner or later. The main barriers to hearing aid use are stigmatization, financial constraints (when hearing aids are not provided free of charge), an uncomfortable sensation, and a patient's subjective perception that he or she hears well enough in most situations not to bother with a hearing aid. 14 As a result, a considerable number of hearing aid users eventually stop wearing them. 18 Conventional wisdom holds that optimal fitting can lower the rejection rate of hearing aids and therefore be a cost-effective practice for healthcare systems that provide hearing aids free of charge. Moreover, data from non-national health systems have indicated that patients attend an average of two to three clinic visits before they become satisfied with the sound quality of a digital hearing aid (DHA) and an average of two visits before they gain competence in caring for their hearing instrument. 19 However, little is known about (1) the exact success rate of fitting DHAs in national healthcare settings and (2) the proportion of users who might require follow-up appointments because the initial fitting was unsatisfactory.
In this article, we describe our study to determine the success rate of initial fittings for DHA users. It was our hope that our study would provide important information on (1) planning health services for the hard of hearing and (2) allocating the appropriate resources within national health systems.
Patients and methods
We retrospectively analyzed the DHA fitting data of 1,597 consecutively presenting adults who had undergone a first or a new (i.e., an upgrade from an analogue hearing aid in the first or second ear) at a single center within the previous year. These patients were identified through the Practice Navigator (Siemens AG; Munich), an office management platform including a suite of programs for fitting a range of hearing aids and for keeping records of hearing-aid-related patient contacts or events. The review was part of an Audiology Department audit at Lister Hospital in Stevenage, U.K. This audit was aimed at monitoring both group and individual performances and improving performance continuously in direct line with the "principles of clinical governance" that have been instituted into the British health system.
We then identified all reprogramming appointments that had taken place within 6 months of each patient's initial fitting. This period was considered appropriate because it is a reasonable amount of time for a patient to (1) become acclimatized to a new DHA 4 and (2) notice any significant further hearing loss, which can render the initial fitting unsatisfying.
The DHAs included in this study were behind-theear models with good performance specifications that were supplied via the National Health Service's (NHS) central buying system. The devices were equipped with feedback-and noise-reduction features, user-controlled volume and directional microphone capability, telecoil applications, and music and TV listening programs, all appropriately enabled for each patient. The amplified sound was delivered to the ear canal via either an "open fit" (a fine tube and soft tip inserted into ear canal) or a custom-made ear mold, depending on individual patient requirements and/or technical constraints. The upgraded analogue aids were linear compression-limiting.
The default fitting prescription was NAL-NL1 (National Acoustics Laboratories' nonlinear fitting procedure, version 1), which is built into all the hearing aid programming software. In addition, NAL-NL2 (i.e., version 2) and DSL I/O (desired sensation level, input/ output) options were available for use when appropriate. The fitting protocol had been set out in the British government's Modernising Hearing Aid Services program when DHAs were introduced into the NHS. The protocol was followed to the extent possible by the East and North Hertfordshire NHS Trust, which is the public sector corporation that operates Lister Hospital, taking into account equipment, staff, and time restrictions.
The first and new fittings were conducted in accordance with the manufacturers' software "first fit" settings. An audiologist selected the acclimatization/ adaptation level according to each patient's experience with hearing aid use and anticipated their ability to acclimatize over a reasonable period of time (usually 3 to 6 mo).
Patients were instructed on the correct use of the controls, the essentials of basic maintenance, and acclimatization expectations. The salient verbal information was reinforced with a take-home explanatory booklet (How to Use Your Hearing Aid) and/or a locally issued information sheet (Getting Used to a New Hearing Aid). Patients were advised that any problems they experienced could be easily addressed upon request.
Patient follow-up visits were scheduled on an as-needed basis. Patients who were fitted with anything other than an air-conduction hearing aid were excluded from the study.
Because the audit had been mandated by the East and North Hertfordshire Trust and since the identity of the patients was not revealed, the study did not require approval by our Ethics Committee.
Results
From the initial population of 1,597 hearing aid users, 871 patients had their first DHA fitting with an ear mold, 209 with an open fit, and 398 as an upgrade from an analogue to a digital device; in addition, 88 patients had a second DHA fitting, and 31 had an upgrade from analogue to digital at a second fitting (table 1) .
Some 460 nominal reprogram appointments (28.8%) were identified. The reasons for these appointments were poor hearing, a further hearing loss, hearing level uncomfortably loud, difficulty with speech in noise, an imbalance between bilateral hearing aids, and a faulty or lost hearing aid.
The criterion we used to analyze the quality of fittings was the patients' comments after a reasonable period of familiarization with the DHA (mostly from 3 to 6 mo). Analysis of these comments revealed that the results of 41 first or new fittings (2.6%) were considered unsatisfactory by patients for various reasons (table 2) . Each of these patients required a reprogramming appointment. Eleven of these 41 fittings were first fittings and 30 were upgrades from an analogue to a digital device. These patients included 16 men and 23 women (the sex of 2 patients had not been recorded); their mean age was 78.3 years. Of this group, 35 patients required one reprogramming appointment, 5 required two, and 1 needed three reprogramming visits.
10%, according to a 2003 report by Sorri et al. 20 Regardless of their severity, hearing problems can place a considerable strain on interpersonal relationships, as they usually make communication more difficult and affect social interactions. 21 Indeed, unacknowledged or unaddressed hearing loss has been associated with a 52% increase in the incidence of social isolation among 60-to 69-year-old Americans. 22 However, studies have shown that only about 1 in 3 to 4 people who report hearing difficulties own a hearing aid, [14] [15] [16] [17] despite the fact that their use is associated with general improvements in health-related quality of life. 4, 23 In the United Kingdom, the number of hearing aid users is approximately 3 million which, although a seemingly impressive number, means that as many as 7 million adults with hearing loss are delaying or avoiding a solution. 24 The main reasons given by hearing-impaired patients for not acquiring a hearing aid are primarily psychosocial in nature. 25, 26 Indeed, more than half of those with a hearing loss choose not to try a hearing aid for fear of possible stigmatization. 14 In addition, the introduction of digital wireless technology for cell phones can be problematic because some DHA wearers hear audible electromagnetic interference when using a cell phone. 1, 27, 28 As many as 20% of patients who return their hearing aids have reportedly been driven to do so because of their inability to use them while talking on a cell phone. 15 Such findings illustrate the importance of focusing hearing rehabilitation on improving patient satisfaction across a range of environments by taking advantage of features that address situation-specific and user-related amplification. 29 The introduction of DHAs was aimed at using these features more efficiently.
DHAs have been associated with an increase in the daily use of hearing aids, 30 and they confer advantages in terms of both objective and subjective outcomes. 31 However, the use of DHAs may also confer greater costs on national health services because these aids are more expensive than other hearing aids and because there is a need for more staff resources to ensure their proper use. 18 Indeed, a 2001 study by Parving and Sibelle found that as many as 36.5% of patients who had been fitted with a DHA required follow-up, compared with only 21.6% of those who had used older analogue technology. 18 In addition, historical data from our Audiology Department indicate that the wholesale price of purchasing a typical hearing aid has risen from £40 for an analogue aid to £70 for a digital one.
The results of our study suggest that almost 30% of patients who undergo a first or new DHA fitting may require follow-up and/or reprogramming. However,
Discussion
Hearing impairment refers to a limitation of function at the organ level as measured by a persistently higher hearing threshold than that of the normally hearing population. Hearing disability or handicap refers to a limitation in performing everyday tasks, which may occur as an outcome of a hearing impairment; it can include the social impact of such a dysfunction. Overall, the incidence of clinically significant hearing impairments that require rehabilitation is approximately VLASTARAKOS, CAMERON, NIKOLOPOULOS based on our patients' comments after a reasonable period of familiarization with their DHA, only 2.6% of the reprogramming appointments were necessitated by a suboptimal initial fitting. This finding is important in considering government policies to restrict public expenditures, which have been adopted as a means of tackling budget deficits in many European countries. Our study found that a significant percentage of services (28.8%) that had been purchased and paid for were not ultimately being used in a completely satisfying way.
The implications of this reality go beyond academic field exercises because the average cost of a single referral for audiologic services by a general practitioner and the provision of a DHA by the NHS is close to £220. Based on the findings of our study, approximately £101,200 worth of services that were paid for by the East and North Hertfordshire Trust during a year's time were at risk of not being used in a completely satisfying way. Extrapolating these data to the 296 "acute [hospital] trusts" and "foundation trusts" in England, we can estimate that almost £30 million worth of audiologic services was jeopardized within a single year. In the context of an increasing demand for hearing aid services, this potential suboptimal use of funds presents a challenge to the delivery of high-quality, cost-free audiologic services in the future.
Fitting a DHA is not any easier or any more difficult than fitting an analogue hearing aid; it is merely different. It might take longer to prepare a patient for the much more precisely "targeted" amplification of a DHA, which is usually much more high-frequency-biased at first but produces much better hearing in noise, which is perhaps the most desirable outcome. With an analogue fitting, the audiologist's "educated prescription" and immediate screwdriver adjustment to suit a patient's preference may not take as long to produce well-tolerated amplification in the clinic. However, this will likely result in much less useful aiding in real-life situations, which very frequently involve noise.
In the 41 fittings that were deemed unsatisfactory, a new pure-tone threshold was established. Patient management was then individualized to include either a full hearing aid reprogramming or a partial reprogramming; the latter involved an increase in high-frequency gain for those who were not hearing well enough or an increase in the midfrequency gain for those whose hearing aids were not loud enough. The reprogramming was considered successful when each patient reported satisfactory sound in the clinic. Enabling the volume control device did not prove to be necessary in most cases. Problems with too much loudness were addressed by revising the "uncomfortable listening" levels and reducing the overall gain according to a new audiogram.
Speech-in-noise problems were addressed by increas-ing the midfrequency gain and making corresponding adjustments to the high-and low-frequency gains. Bilateral balance was accomplished by making adjustments to achieve equal volume in both ears to the patient's satisfaction. Finally, patients belonging to the "Other/nonspecific" category were managed in a number of different ways, including fine-tuning of the hearing aid, adding noise, or converting an open-fit to a custom-made ear mold. Two patients were referred to an ENT surgeon for further assessment. It is important to note that all 41 patients obtained benefit or satisfaction in the long term, and they therefore continued to use their device.
Prefitting counseling can positively affect patient expectations and increase the chances of a successful hearing aid outcome. 32 In addition, auditory training may improve auditory processing abilities. 33 Training may add to a practitioner's burden, but this drawback should be weighed against the benefit of achieving additional patient satisfaction that can be anticipated by finding the most cost-effective patient-centered solution. 34 If the key to a more cost-effective DHA fitting is to lengthen appointment times, that related cost can be lessened by offering group counseling, which would allow more patients to be managed while not increasing the use of resources.
Preliminary findings have shown that group hearing aid visits do not worsen outcomes; in fact, they might improve them, at least in the short term. 35 Although group visits have not yet been established in our Audiology Department, they have been in other institutions in the NHS.
Indeed, a comparison of group and individual follow-up sessions by Brickley et al demonstrated that new NHS hearing aid users who attended group follow-up sessions were generally more positive about their hearing aid use, required fewer additional follow-up appointments, and reported more benefit in various listening situations than did their individual follow-up counterparts. 36 These findings suggest that group follow-up is a cost-effective method for managing typical new hearing aid users and that it might confer distinct advantages to patients who attend group follow-ups, even though group visits might seem to be a less attractive option than individual follow-ups by some patients.
By extrapolating these findings to the context of the parameters of our study, we can recommend that since group follow-up visits result in lower costs (despite the minor capital cost in setting them up), they could provide a means of reducing the strain on resources and waiting times while maintaining or improving care for more hearing-impaired patients. Moreover, since the vast majority of reprogramming appointments in HOW SUCCESSFUL IS THE FITTING OF DIGITAL HEARING AIDS? IMPLICATIONS FOR THE ALLOCATION OF RESOURCES WITHIN NATIONAL HEALTH SYSTEMS our study were undertaken for typical reasons rather than for a suboptimal initial fitting, we believe that follow-up appointments can further reduce the cost of providing audiologic services by obviating the need for the repeated involvement of a general practitioner (with the associated delays), taking into account that elderly people require more time in training and more time to get used to new technologies. Unfortunately, some patients will not be able to report unsatisfying fittings and/or attend reprogramming appointments for various reasons (age, health problems, disability, and/or disposition). Although the proportion of these patients is not expected to be significant within 3 or 6 months of their fittings, patients may continue using their hearing aids to gain whatever benefit they can or they might simply abandon their use without their hospital trust knowing about it. Still, it is virtually impossible to determine the exact number of these patients.
The limitations of our study include its retrospective design and its single-center setting. Nevertheless, it was conducted in a busy audiology department that serves a catchment population of around 1 million people.
In conclusion, DHA fitting in our study was generally successful, as a large majority of patients (71.2%) did not require any follow-up appointment. Even among those patients who were not satisfied with their first or new fitting and required a follow-up reprogramming visit, only 2.6% did so because of a suboptimal fitting.
Principles of cost-effectiveness encourage the efficient use of resources to ensure the continuous delivery of high-quality audiologic services through national health systems. This may be achieved by instituting group appointments to reduce costs and increase the amount of time allocated for fitting and training of patients.
